To determine if practices related to the use of pulse oximetry in the first 2 weeks following birth and after 2 weeks of age have a relationship to the rate of retinopathy of prematurity (ROP) and retinal ablation surgery in infants r1500 g.
INTRODUCTION
Retinopathy of prematurity (ROP) is a retinal neovascular disease that can, in its most severe state, lead to severe vision loss. It is one of the leading causes of blindness in infants r1500 g in the United States (US), with an estimated 500 infants blinded yearly and another 4500 infants with serious retinal scars. 1, 2 The etiology of ROP appears to be multifactorial and complex. Prematurity with a gestational age <32 weeks and low birth weight (LBW) r1500 g are two of the known risk factors. 3 Several studies have shown a relationship between oxygen administration and its association with the development of ROP. [4] [5] [6] It is hypothesized that the pathogenesis of ROP consists of two phases. During the first phase, normal vasculogenesis is interrupted by the relative hyperoxia of the extrauterine environment, leading to vascular injury and retinal avascularity. The second phase of abnormal neovascularization occurs in response to the relative hypoxia caused by the increased metabolic demands of the developing retina. 7, 8 Vascular endothelial growth factor (VEGF), an endothelial-cell specific mitogen, is one of the key angiogenic molecules implicated in the pathogenesis of ROP. [9] [10] [11] In animal models, repeated cycles of hyperoxia and hypoxia have been shown to produce more retinal neovascularization than in those exposed to either hypoxia or hyperoxia alone.
12 However, the arterial oxygen level that constitutes hyperoxia or hypoxia in the premature infant and the required duration of that level in the pathogenesis of ROP remains unknown. Flynn et al. 13 in the early 1990s showed that premature infants in the first several weeks of life with a transcutaneous oxygen tension (tcPO 2 ) Z80 mmHg had an increased incidence and severity of ROP.
The use of pulse oximetry to measure oxygen saturations (SpO 2 ) has become common practice in neonatal intensive care units (NICUs) since the Flynn study.
14 In addition, there has been a decline in the incidence of ROP from as high as 60 to 21% for any stage. 15 However, a wide variability in the incidence of ROP exists between NICUs at different centers. This may be due to differences in clinical practices as it relates to guidelines of SpO 2 levels. At the time of this survey, there had not been a study in the US comparing SpO 2 guidelines at various centers and the rates of ROP. The purpose of this study was (1) to learn about current clinical practices in US related to pulse oximetry use in LBW infants and (2) to determine if these practices relating to the use of pulse oximetry in the first 2 weeks following birth and after 2 weeks of age had a relationship to the rate of ROP and the rate of retinal ablation surgery.
METHODS
A questionnaire was mailed in July 2001 to the directors of 318 NICUs in the US. The list of NICUs was obtained from a roster maintained by Ross Laboratories of all NICUs in the continental US. A cover letter explaining the purpose of the study accompanied the questionnaire. The questionnaire was designed to obtain information about the NICU and patient demographics, SpO 2 guidelines, pulse oximetry devices used, SpO 2 ranges in the first 2 weeks following birth, SpO 2 ranges after 2 weeks of age, the rate of ROP at any stage, the rate of Zstage 2 ROP, the rate of Zstage 3 ROP, and the rate of retinal ablation surgery in infants r1500 g. A second letter and questionnaire was sent 8 weeks later to those individuals who had not returned the initial questionnaire. For analysis, we used the number of respondents for each question. Data are presented as mean±SEM. Groups were compared using Student's t-test.
RESULTS
In total, 144 units returned the survey for a response rate of 45%, representing 45% of all known NICUs in the continental US. There were 98 responses to the first mailing and 46 responses to the second mailing. In all, 85% of the respondents answered the questionnaire completely. The remaining 15% of the respondents answered more than 85% of the questions. There were an equal number of respondents from community-based (59/119) and the university-based NICUs (60/119). Table 1 summarizes the characteristics of the NICUs. A variety of pulse oximetry devices were used (Table 2) .
A total of 120 (87%) of the NICUs had documented pulse oximetry guidelines that required a certain SpO 2 range for infants r1500 g. In total, 18 (13%) of the NICUs did not have specific guidelines, but ranges varied and were dependent on the attending clinician. A total of 69 (58%) of the units with guidelines maintained different SpO 2 guidelines for premature infants in the first 2 weeks following birth than for infants greater than 2 weeks of age. None of the centers maintained a different guideline for infants 2 to 6 weeks of age or between 2 weeks of age and the first eye examination. Few centers maintained different saturations for prethreshold disease.
The range of SpO 2 was 82 to 100% with an average minimum (min) SpO 2 of 89% (±2.7%) and an average maximum (max) of 95% (±1.9%) in the first 2 weeks following birth. Table 3 shows the mean minimum, mean maximum and ranges for target oxygen saturations before and after 2 weeks of age and for prethreshold ROP. There was no statistical difference in the rates of stage 3 ROP in the first 2 weeks after birth for those centers that maintained a maximum SpO 2 r98% (5.3±0.53%) compared to those centers that maintained a maximum SpO 2 Z98% (8.0±2.4%) (p ¼ 0.264). However, the average rate of retinal ablation surgery was higher in those centers that maintained a max SpO 2 Z98% in the first 2 weeks (5.56±1.1 vs 3.07±0.33%, respectively) ( Figure 1 ). As shown in Figure 2 , the average rate of ROP Zstage 3 was greater in those centers if the max SpO 2 was greater than 92% after 2 weeks of age (5.68±0.55% vs 2.49±0.67%, respectively). A similar increase was seen in the average rate of retinal ablation surgery if the max SpO 2 was greater than 92% after 2 weeks of age (3.34±0.34 vs 1.38±0.25%) (Figure 3 ).
DISCUSSION
Pulse oximetry is a common, noninvasive technique widely used in NICUs to monitor arterial oxygen saturation. It is often used to determine the need and adjustment of supplemental oxygen for critically ill patients. However, the appropriate range of SpO 2 for a premature infant at risk of developing ROP is not clearly defined.
This study presents information on SpO 2 guidelines in NICUs in the US as it relates to the premature infant and the rates of ROP and retinal ablation surgery. The majority of the NICUs who responded to the survey have established documented guidelines. There appears to be a wide range of oxygen saturations that are maintained at different centers. Most of the NICUs also maintained different guidelines for the premature infant less than 2 weeks of age than for the premature infant greater than 2 weeks of age. There was no difference in the rates of stage 2 ROP (data not shown). This study showed a trend towards more retinal ablation surgery at centers where the guidelines for max SpO 2 were Z98% in the first 2 weeks of life. An SpO 2 of 97 to 98% correlates with a PaO 2 of approximately 80 mmHg. 16 Therefore, our study concurs with the study by Flynn et al.; 13 infants during the first several weeks of life exposed to longer durations of tcPO 2 Z80 mmHg had more severe ROP.
Our study also compared SpO 2 guidelines after 2 weeks of age and it was noted that a majority of NICUs maintained different oxygen saturations for their infants during this time. Interestingly, there was a trend towards more advanced ROP Zstage 3 and surgery when the guidelines for max SpO 2 were >92%. This oxygen saturation is much lower than seen in the first 2 weeks and correlates with a PaO 2 of 52 mmHg. 16 In a retrospective review carried out in the United Kingdom, a four-fold increase in severe ROP and the need for cryotherapy was seen when supplemental O 2 was given to maintain an SpO 2 of 88 to 98% in the first 8 weeks of life vs an SpO 2 of 70 to 90%. 17 At the 1 year follow-up, there were four babies registered as blind in the group that maintained 88 to 98% saturation and none in the 70 to 90% saturation group. Furthermore, there was no difference between the two groups in the percentage of infants who survived infancy (52.8 vs 51.6%) or in the incidence of cerebral palsy (16.9 vs 15.4%).
The findings of our survey raise some important issues and questions. First, it is not clear why a majority of NICUs change the parameters for premature infants less than 2 weeks of age and greater than 2 weeks of age. Although this was not a question on the survey, some individuals upon verbal follow-up gave reasons similar to that expressed by Poets; 18 supplemental oxygen leads to an improvement in weight gain, a decrease in airway resistance in infants with chronic lung disease (CLD), and a decrease in the frequency of hypoxemic episodes. Other responders misinterpreted Comparison of rates of retinal ablation surgery between centers with maximum O 2 saturation targets r92% (n ¼ 9 centers, admitting approximately 800 infants <1500 g/year) or >92% (n ¼ 126 centers, admitting approximately 11,000 infants <1500 g/year) after 2 weeks of age (p<0.00001 by the two-tailed Student's t-test, t ¼ 4.71). Values shown represent mean±SEM.
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the results of the STOP-ROP study trial which showed no increase in the risk of progression of ROP in infants with prethreshold ROP who were managed with high SpO 2 target ranges of 96 to 99%. 19 However, the STOP-ROP study did not demonstrate the absence of potential adverse effects from widespread application of such strategies, including infants without ROP. Second, the timing of ROP with the postmenstrual age and not chronological age would suggest that ROP becomes significant when the retina reaches a certain maturity, not the number of weeks after injury to the developing retina. 20 However, only two of the NICUs that responded to the survey had specific SpO 2 ranges for birth weight and gestational age, not chronological age. Perhaps it is this wide range in pulse oximetry guidelines and change in parameters over chronological time seen in clinical practices throughout the US that accounts for the increased rate of ROP seen in this study as well as the variability in incidence of ROP reported by different centers. 15 In addition, fluctuations in oxygen saturations within a specified min/max range may also contribute to the progression of ROP. A recently published study showed a decline in severe ROP from 12.5 to 2.5% over a 5-year period after the implementation of strict SpO 2 guidelines and adherence of the clinical staff to an educational program enforcing a strict clinical practice of oxygen administration and monitoring. 21 The SpO 2 for the study was 85 to 95% for infants >32 weeks and 85 to 93% for infants r32 weeks while on supplemental oxygen. The decrease in ROP may have been due to tighter oxygen control decreasing the fluctuations in saturations or possibly due to the lower SpO 2 . Several other studies support that it may be the fluctuations between hyperoxia and hypoxia and not the absolute level of arterial oxygenation that are more harmful in the development of severe ROP. 22, 23 The findings of our study do not necessarily support a cause and effect relationship between oxygen saturation guidelines, maximum SpO 2 and the rate of ROP. This was not a randomized, controlled trial; therefore, we do not know if documented guidelines reflect actual clinical practice, that is, what percentage of SpO 2 readings fell within and outside the stated guidelines. Furthermore, the centers who responded to this survey used a variety of pulse oximeters. A variation of 2 to 3% has been reported between some of the different brands. 24 Inconsistent methods for measurement/monitoring of oxygen saturation may obscure potential relationships between target and the risk of development of ROP.
Another limitation of this study was that we did not survey alarm settings. A study performed in 1997 showed that a majority of centers in the US had high alarms set at 100%.
14 Seven of the centers who responded to our survey indicated a maximum SpO 2 of 100% for all infants. Saturations at this level could predispose infants on supplemental oxygen to hyperoxemia. 25 A recent study indicated a systematic bias, worsening as the true saturation deviates from a small range (92 to 97%), with pulse oximetry devices overestimating arterial saturations at low saturations and underestimating at high saturations. 26 Our questionnaire assumed use of the international criteria for staging of ROP and responses indicated its use. 27, 28 Our study also assumed application of retinal ablation therapy for threshold disease as defined in the multicenter trial of cryotherapy for ROP. 29 Despite the limitations, the results of this survey confirm the need for a randomized, controlled trial of oxygen administration, pulse oximetry saturations and the development of ROP.
CONCLUSION
In conclusion, this study shows that NICUs in the US today vary in their pulse oximetry guidelines for premature babies. This variation may contribute to the incidence of ROP. This study would suggest that targeted upper limit saturations less than 92% may be preferable at least with respect to minimizing the risk of ROP. However, a randomized, prospective trial is needed to determine the appropriate O 2 saturations for the very premature infant.
